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(54) VOLTAGE DETECTION CIRCUIT 



PURPOSE: To obtain the circuit of simple circuit constitution which has good 
temperature characteristics of a detected voltage and is suitable for IC- 
implementation by applying the set voltage of a detected voltage setting circuit to 
the bases of two transistors(TR) of a band gap type reference voltage circuit. 
CONSTITUTION: The connection point of resistances R4 and R5 of the detected 
voltage setting circuit 2 is connected to the bases of the TRs Q1 and Q2 of the 
band gap type reference voltage circuit 1. When a source voltage VDD is 
applied, the output OUT of an operational amplifier circuit 3 rises while the 
emitter voltage V1 of the Q2 is lower than the voltage V2 at the connection point 




(57)Abstract: 



of the resistances R1 and R2 and then falls when the VDD rises until the V1 
becomes as high as the V2. In this case, the value of the DDD when V1 =V2 is 
the detected voltage. This constitution makes the temperature characteristics of 
the detected voltage similar to those of a normal circuit and the pattern 
occupation area at the time of the IC-implementation is reducible. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Each collector of the 1st transistor same type and the 2nd transistor is 
connected to the 1st potential edge, respectively. The series connection of the 
1st resistance and resistance of the 2nd is carried out between the emitter of the 
1st transistor of the above, and the 2nd potential edge. The band gap mold 
reference voltage circuit where it comes to connect the 3rd resistance between 
the emitter of the 2nd transistor of the above, and the above-mentioned 2nd 
potential edge, The detection electrical-potential-difference setting-out circuit 
where the series connection of the 4th resistance and resistance of the 5th was 
carried out between said 1st potential edges and 2nd potential edges, and the 
series-connection point was connected to each base of said 1st transistor and 
the 2nd transistor, One input edge is connected to the emitter of said 2nd 
transistor, and the input edge of another side is connected at the node of said 1st 
resistance and the 2nd resistance. The electrical-potential-difference detecting 
circuit characterized by providing the operation amplifying circuit which the time 
of carrying out the electrical-potential-difference comparison of both the inputs, 
and both inputs becoming equal is detected [ amplifying circuit ], and reverses a 
detection output. 

[Claim 2] An electrical-potential-difference detecting circuit according to claim 1 is 
an electrical-potential-difference detecting circuit characterized by being used for 
the power-on clear circuit which is formed in a semiconductor integrated circuit, 
detects the power up of a semiconductor integrated circuit, and generates the 
signal for reset. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used for the power-on clear circuit which 
starts the electrical-potential-difference detecting circuit formed in a 
semiconductor integrated circuit, for example, detects a power up, and generates 
the signal for reset. 
[0002] 

[Description of the Prior Art] The conventional electrical-potential-difference 
detecting circuit used for a power-on clear circuit is constituted as shown in 
drawing 5 or drawing 7 . That is, by consisting of one NPN transistor Q and three 
resistance R1-R3, and one operation amplifying circuit OP, and comparing the 
partial pressure electrical potential difference (detection electrical-potential- 
difference programmed voltage) by resistance R2 and R3 with the electrical 
potential difference VBE between base emitters of NPN transistor Q, supply 
voltage VDD detects whether it started to the predetermined detection electrical 
potential difference, and the electrical-potential-difference detecting circuit shown 
in drawing 5 reverses the detection output OUT. 

[0003] However, in the electrical-potential-difference detecting circuit of drawing 



5 , since the partial pressure electrical potential difference has the temperature 
characteristic negative [ ************** ] j n VBE, as it shows the temperature 
characteristic to drawing 6 , the detection electrical potential difference VDD will 
have the negative temperature characteristic. 

[0004] The band gap mold reference voltage circuit of the feedback control mold 
with which the electrical-potential-difference detecting circuit shown in drawing 7 
consists of two NPN transistors Q1 and Q2, three resistance R1-R3, and an 
operation amplifying circuit OP1 for feedback controls on the other hand, It 
consists of an operation amplifying circuit OP2 for comparing the detection 
electrical-potential-difference programmed voltage by two resistance R4 and R5 
for detection electrical-potential-difference setting out, and these two resistance 
R4 and R5 with the output voltage of said band gap mold reference voltage 
circuit, and the temperature characteristic of the detection electrical potential 
difference VDD can be set to about 0. In addition, the example of a circuit of the 
operation amplifying circuits OP1 and OP2 is shown in drawing 8 , and, as for 
P1-P4, a P channel MOS transistor, and N1-N3 are N-channel metal oxide 
semiconductor transistors. 

[0005] However, the electrical-potential-difference detecting circuit shown in 
drawing 7 has many circuit elements, and since the pattern occupancy area of an 
operation amplifying circuit becomes quite large especially in case the operation 
amplifying circuits OP1 and OP2 whose number is two are needed and 
integrated-circuit-ized, it is unsuitable for integrated-circuit-izing. 
[0006] 

[Problem(s) to be Solved by the Invention] As described above, although it 
improves so that a detection electrical potential difference may not have the 
negative temperature characteristic, the conventional electrical-potential- 
difference detecting circuit needs many a circuit element and two operation 
amplifying circuits, and since pattern occupancy area becomes quite large in 
case it integrated-circuit-izes, it has the problem of being unsuitable for 
integrated-circuit-izing. 



[0007] In case it integrated-circuit-izes, pattern occupancy area is comparatively 
small, and it was made that this invention should solve the above-mentioned 
trouble, ends [ the object has the good temperature characteristic of a detection 
electrical potential difference, and circuitry is very easy, and ], and is in offering 
the suitable electrical-potential-difference detecting circuit for integrated-circuit- 
izing. 
[0008] 

[Means for Solving the Problem] As for the electrical-potential-difference 
detecting circuit of this invention, each collector of the 1st transistor same type 
and the 2nd transistor is connected to the 1st potential edge, respectively. The 
series connection of the 1st resistance and resistance of the 2nd is carried out 
between the emitter of the 1st transistor of the above, and the 2nd potential edge. 
The band gap mold reference voltage circuit where it comes to connect the 3rd 
resistance between the emitter of the 2nd transistor of the above, and the above- 
mentioned 2nd potential edge, The detection electrical-potential-difference 
setting-out circuit where the series connection of the 4th resistance and 
resistance of the 5th was carried out between said 1st potential edges and 2nd 
potential edges, and the series-connection point was connected to each base of 
said 1st transistor and the 2nd transistor, It is characterized by providing the 
operation amplifying circuit which the time of one input edge being connected to 
the emitter of said 2nd transistor, and the input edge of another side being 
connected at the node of said 1st resistance and the 2nd resistance, carrying out 
the electrical-potential-difference comparison of both the inputs, and both inputs 
becoming equal is detected [ amplifying circuit ], and reverses a detection output. 
[0009] 

[Function] It becomes possible to improve the temperature characteristic of a 
detection electrical potential difference by giving the programmed voltage of a 
detection electrical-potential-difference setting-out circuit to each base of two 
transistors of a band gap mold reference voltage circuit, circuitry is very easy and 
only one for an electrical-potential-difference comparison needs an operation 



amplifying circuit, but in case it integrated-circuit-izes, pattern occupancy area is 
comparatively small and it ends, and it is suitable for integrated-circuit-izing. 
[0010] 

[Example] Hereafter, one example of this invention is explained to a detail with 
reference to a drawing. 

[001 1] The electrical-potential-difference detecting circuit used for the power-on 
clear circuit which drawing 1 is formed in a semiconductor integrated circuit, 
detects the power up of a semiconductor integrated circuit, and generates the 
signal for reset is shown, and, as for a band gap mold reference voltage circuit 
and 2, 1 is [ a detection electrical-potential-difference setting-out circuit and 3 ] 
operation amplifying circuits. 

[0012] As for the above-mentioned band gap mold reference voltage circuit 1 , 
each collector of the 1st transistor Q1 same type (this example NPN) and the 2nd 
transistor Q2 is connected to the 1st potential edge (this example power-source 
potential VDD), respectively. The series connection of the 1st resistance R1 and 
the resistance R2 of the 2nd is carried out between the emitter of the 1st 
transistor Q1 of the above, and the 2nd potential edge (this example touch-down 
potential GND), and it comes to connect the 3rd resistance R3 between the 
emitter of the 2nd transistor Q2 of the above, and the above-mentioned 2nd 
potential edge. 

[0013] Moreover, the series connection of the 4th resistance R4 and the 
resistance R5 of the 5th is carried out between said 1st potential edges and 2nd 
potential edges, and, as for the above-mentioned detection electrical-potential- 
difference setting-out circuit 2, the node is connected to each base of said 1st 
transistor Q1 and the 2nd transistor Q2. 

[0014] Moreover, as for the above-mentioned operation amplifying circuit 3, one 
input edge (this example - input edge) is connected to the emitter of said 2nd 
transistor Q2. The time of the input edge (this example + input edge) of another 
side being connected at the node of said 1st resistance R1 and the 2nd 
resistance R2, carrying out the electrical-potential-difference comparison of both 



the inputs, and both inputs becoming equal is detected, and the detection output 
OUT (auto clear signal) is reversed. Next, it explains, referring to drawing 2 about 
actuation of the electrical-potential-difference detecting circuit of the above- 
mentioned configuration. 

[0015] The electrical potential difference of the node of the 4th resistance R4 and 
the 5th resistance R5 VREF, VBE1 and the electrical potential difference 
between base emitters of the 2nd transistor Q2 for the electrical potential 
difference between base emitters of the 1st transistor Q1 VBE2, When the 
electrical potential difference of the node of V1, the 1st resistance R1, and the 
2nd resistance R2 is expressed with V2, change of each part electrical potential 
difference to change of supply voltage VDD comes to show the emitter electrical 
potential difference of the 2nd transistor Q2 to drawing 2 . namely, electrical 
potential difference VREF an electrical potential difference VDD carries out a 
partial pressure by the 4th resistance R1 and the resistance R5 of the 5th ~ 
having ~ an electrical potential difference V1 ~ the above-mentioned electrical 
potential difference VREF VBE2 only - low - an electrical potential difference V2 
-- the above-mentioned electrical potential difference VREF - VBE1 only ~ the 
partial pressure of the low electrical potential difference is carried out by the 1st 
resistance R1 and the resistance R2 of the 2nd. 

[0016] In the above-mentioned electrical-potential-difference detecting circuit, if 
supply voltage VDD is switched on, when supply voltage VDD starts until the 
output OUT of the operation amplifying circuit 3 starts and it is set to V1=V2 
between V1<V2, the output OUT of the operation amplifying circuit 3 will fall, in 
this case, the value of the supply voltage VDD when being set to V1=V2 -- 
detection electrical potential difference VACL it is . 

[0017] Next, the property of the above-mentioned electrical-potential-difference 
detecting circuit is analyzed, if the current which flows the current which flows the 
current which flows the emitter surface ratio of the 1st transistor Q1 and the 2nd 
transistor Q2 to N:1 and the 2nd resistance to 11 and the 3rd resistance R3 to 12 
and the 5th resistance R5 is expressed with 13 - the following formulas (1-1) - 



and (1-2) it is materialized. 

[0018] 

[Equation 1] 
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[0019] However, VT It is the pyrovoltage expressed with VT =k-T/q, and k is 
[ absolute temperature and q of a Boltzmann's constant (1.38x10-23 j/) and T ] 
the amounts of electronic charge (1.60x10-19 coulomb). At the time of V1=V2, it 
is 11 and R2=I2, and R3 here. -- (2-1) 
A next door, 12/11 =R2/R1 -- (2-2) 

It comes out, it is, and if a formula (2-2) is substituted for a formula (1-2), the 
following (3) types will be obtained. 
[0020] 
[Equation 2] 

R 2 R 2 ■ N 

Vref=VbE2+ Vt ' £n -(3) 

R 1 R 3 



Next, detection electrical potential difference VACL It asks. 
[0021] 



[Equation 3] 

V R E F = V ACL 

R 4 + R 5 



R A + R 5 R 4 

Vacl= Vref = C +1) Vref -(4-2) 

Rs Rs 



(3) Substitute a formula for a formula (4-2). 

[0022] 

[Equation 4] 

R 1 R 2 R 2 * N 

VACL= ( +1)(VbE2+ V T • £ n ) -(5) 

R 5 R i R 3 



Next, detection electrical potential difference VACL The temperature 

characteristic is searched for. 

[0023] 

[Equation 5] 

d VBE 2 

2 m V/°C -(6) 

d t 



3 T 



= 0. 0 8 6 m V/°C 



It shall carry out and dispersion and the temperature characteristic of resistance 
(for example, diffused resistor) R4 and R5 shall carry out ****** disregard. 
[0024] 

[Equation 6] 

d Vref 

~ 0 m V/°C 



It is [0025] in order to carry out. 
[Equation 7] 



d VREF 



R 2 R 

- 2 + 0. 0 8 6 ( & n - 

R i 



R 2 * N 



) = 0 



-(8) 



d T 



R 2 * N 



2 



n 



-(9) 



0. 0 8 6 



What is necessary is for it to be alike and just to design. Thus, detection electrical 
potential difference VACL at the time of designing The result of having surveyed 
the temperature characteristic is shown in drawing 3 , and it has the slightly 
negative temperature characteristic. 

[0026] According to the electrical-potential-difference detecting circuit of the 
above-mentioned example, namely, by giving the programmed voltage of a 
detection electrical-potential-difference setting-out circuit to each base of two 
transistors of a band gap mold reference voltage circuit It becomes possible to 
improve the temperature characteristic of a detection electrical potential 
difference to the circuit and equivalent extent of drawing 7 of the conventional 
example. Compared with the circuit of drawing 7 of the conventional example, 
circuitry becomes very easy, and only one for an electrical-potential-difference 
comparison needs an operation amplifying circuit, but in case it integrated-circuit- 
izes, pattern occupancy area is comparatively small and it ends, and it is suitable 
for integrated-circuit-izing. 

[0027] In addition, if the value of resistance R1-R3 and the emitter surface ratio N 
of transistors Q1 and Q2 are adjusted in the above-mentioned example, it will be 
the detection electrical potential difference VACL. It becomes possible to set the 
temperature characteristic as forward or negative. 

[0028] Moreover, drawing 4 makes reverse connection relation between supply 
voltage VDD and the touch-down potential GND while changing into PNP 
transistorQI' and Q2' NPN transistors Q1 and Q2 of the electrical-potential- 
difference detecting circuit which shows the modification of the electrical- 
potential-difference detecting circuit shown in drawing 1 , and was shown in 
drawing 1 , and it gives the same sign to the same part as the inside of drawing 



1 . 

[0029] 

[Effect of the Invention] As mentioned above, according to this invention, the 
temperature characteristic of a detection electrical potential difference is good, 
circuitry is very easy, in case it integrated-circuit-izes, pattern occupancy area is 
comparatively small, it ends, and the suitable electrical-potential-difference 
detecting circuit for integrated-circuit-izing can be realized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram showing one example of the electrical-potential- 
difference detecting circuit of this invention. 

[Drawing 2] Property drawing shown in order to explain actuation of the circuit of 
drawing 1 , 

[Drawing 3] Drawing showing an example of the detection voltage characteristic 
of the circuit of drawing 1 . 

[Drawing 4] The circuit diagram showing the modification of the circuit of drawing 
1 . 



[Drawing 5] The circuit diagram showing the conventional electrical-potential- 
difference detecting circuit. 

[Drawing 6] Drawing showing the detection voltage characteristic of the circuit of 
drawing 5 . 

[Drawing 7] The circuit diagram showing the conventional electrical-potential- 
difference detecting circuit. 

[Drawing 8] The circuit diagram showing an example of the operation amplifying 
circuit in the circuit of drawing 7 . 
[Description of Notations] 

1 - a band gap mold reference voltage circuit, 2 - detection electrical-potential- 
difference setting-out circuit, 3 - operation amplifying circuit, Q1, and the - 1st 
transistor, and Q1'Q2, Q2' -- the 2nd transistor, R1 -- the 1st resistance, R2 - the 
2nd resistance, and R3 - the 3rd resistance, R4 -- the 4th resistance, and R5 - 
the 5th resistance. 
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DRAWINGS 




[Drawing 4] 




[Drawing 7] 
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